Intra-specific variability of root biomass production (RP) of six rooted macrophytes, i.e. Juncus effusus, Phragmites australis, Schoenoplectus lacustris, Typha latifolia, Phalaris arundinacea, and Iris pseudacorus grown from clones, in response to Cu exposure was investigated. Root biomass production varied widely for all these macrophytes in control conditions (0.08 μM) according to the sampling site. Root biomass production of T. latifolia and I. pseudacorus in the 2.5-25 μM Cu range depended on the sampling location but not on the Cu dose in the growth medium. For P. australis, J. effusus, S. lacustris, and P. arundinacea, an intra-specific variability of RP depending on both the sampling location and the Cu-dose was evidenced. This intra-specific variability of RP depending on the sampling location and of Cu-tolerance for these last four species suggests that Cu constitutive tolerance for all rooted macrophytes is not a species-wide trait but it exhibits variability for some species.
Introduction

80
Aquatic ecosystems are used, directly and indirectly, as recipients of potentially toxic 81 effluents and wastes from domestic, agricultural and industrial activities (Demirezen et al., 82 2007; Peng et al., 2008) . Copper is one of the Trace Elements (TE) potentially toxic in excess,
83
which may migrate in dissolved and solid forms from urban areas and (agro)ecosystems to 84 surface waters, groundwater and wetland substrates, and its excess may accumulate in living 85 organisms (Kamal et al., 2004; van der Ent et al., 2013) . Copper acts as a cofactor in many 86 processes in plants, e.g. respiration, photosynthesis, scavenging of oxidative stress, perception 87 of ethylene, nitrogen metabolism, molybdenum cofactor synthesis, cell wall remodeling, and 88 response to pathogens (Palmer and Guerinot, 2009; Jung et al. 2012) . One abundant protein oxidize proteins and guanine (Drazkiewicz et al., 2004; Sharma and Dietz, 2009, Kanoun-98 
Boulé et al., 2009). Detailed molecular mechanisms involved in Cu homeostasis in plants 99
have been reviewed elsewhere (Yruela 2009; Jung et al. 2012) .
101
Natural 'volunteer' wetlands, in particular those associated with mining activities, can 102 improve soil and water quality notably by trapping TE in the rhizosphere (Beining and Otte, 103 1996; Narhi et al., 2012) . Constructed wetlands (CW) have also been used to enhance the 104 quality of contaminated waters for at least two decades (Marchand et al., 2010, Lizama et al., 105 2011). Rooted macrophytes are key players in both natural and constructed wetlands through 106 radial oxygen loss (ROL) and organic matter production which provide habitats for 107 microorganisms (Cheng et al., 2009; Marchand et al., 2010) . Such macrophytes mainly 108 accumulate TE in roots, because of their fibrous system with large contact areas, rhizome 109 tissues (Cardwell et al., 2002; Bonnano and Lo Giudice, 2010; Romero Núñez et al., 2011), 110 and to a lesser extent in stems and leaves (Clemens, 2002; Baldantoni et al., 2004; Bragato et 111 al., 2006) . Root anatomy, through lignin and suberin deposition, sclerenchymatous fibers with 112 thick secondary walls and densely packed cells in the outer layers of cortex, contribute to a 113 tight barrier to ROL in the macrophyte roots and may confer an exclusion ability of TE in 114 such wetland species (Deng et al., 2009 have shaped a constitutive TE tolerance for macrophytes (Ye et al., 1997a (Ye et al., ,b, 2003 McCabe et 121 al., 2001; Matthews et al., 2004a,b; 2005; Kissoon et al., 2010) , even if for some species such
122
as Phalaris arundinacea such constitutive tolerance was not evidenced (Matthews et al., 2005) .
124
In drylands, a small percentage of plants have the innate capability to develop metal-tolerant 125 populations at TE-contaminated sites (Verkleij et al., 2009; Memon and Schroeder, 2009; 126 Verbruggen et al., 2009) . It is argued that when a species establishes on a soil with a too high 127 TE supply, adjustments will take place within the limits of phenotypic plasticity followed by 128 adaptation and evolution of efficiency or tolerance in populations over time (Schat 1999; 129 Pollard et al., 2002; Ernst, 2006; van der Ent et al., 2013 insights into choosing plant material in CW, since root biomass in CW determines the system 136 efficiency and promotes its long-term functioning (Marchand et al., 2010) . Knowledge is 137 currently lacking on the intra-specific variability of macrophytes in response to TE exposure 138 in wetland communities (Brisson and Chazarenc, 2009; Marchand et al., 2010 use for over a century (Basol, 2012 weight, FW) were collected with an unpainted steel spade from the 0-25 cm soil layer.
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Samples were air-dried in the laboratory and sieved (5 mm, nylon mesh) prior to analysis. (Table S3) . These six monocot species were selected because they were the most restricted area rhizomes were supposed to belong to the same clone, as macrophytes tend to 238 spread clonally over short distances (Piquot et al., 1998; Hazelton et al., 2014 The lowest mean root biomass production after a 3-week exposure at 0.08 µM Cu were 324 respectively 30 µg DW for S. lacustris and 40 µg DW for J. effusus. For convenience, we will 325 refer to root biomass production as 'RP' throughout the paper. Mean RP of I. pseudacorus 326 was 150 µg DW after three weeks, which was the highest value reported among the six 327 studied species, followed by T. latifolia (120 µg DW) and P. arundinacea (116 µg DW) ( Fig.   328 1, S1). In the 2.5-25 µM Cu range, RP of J. effusus and S. lacustris depended on both the total
329
Cu concentration in the growth medium and the sampling site ( Fig. 1, Fig. S1 ). In such conditions, 341 the value for J. effusus was the lowest for the Argus Street population and the highest for both 342 the La Jalle and Cordon d'Or populations (Fig. 1, Fig. S1 ). four out of the five populations but was higher for the Sanguinet population (Fig. 1, Fig. S1 ). The six rooted macrophyte species were exposed to increasing total Cu concentration (Table   371 2). (Brookins, 1988 decrease from 15 µM Cu (Fig. 1, Fig. S1 ). 
400
The inter-specific variability of Cu-tolerance in our Cu exposure range may be due to 401 differences in (1) The six investigated macrophytes exhibited an intra-specific variability of RP when grown in 424 the imbibed perlite at the 0.08 µM Cu exposure ( displayed here an intra-specific variability of root production in response to Cu exposure.
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Such findings agree with Matthews et al. (2004b Matthews et al. ( , 2005 Populations of T. latifolia from TE-contaminated and uncontaminated environments grew 449 equally well in elevated TE conditions (McNaughton et al. 1974 ). This was confirmed by 450 Crowder (1983, 1984) and later by Ye et al. (1997b) for Zn, Pb and Ni tolerance in Eriophorum angustifolium L., T. latifolia, and P. australis (Matthews et al., 2004b (Matthews et al., , 2005 . for uptake (Kissoon et al., 2010) . Consequently, wetland plants are frequently more exposed 464 to higher metal concentrations than dryland plants: e.g. metal uptake in Rumex crispus L. was 465 2.5 times higher under wetland compared to dryland conditions (Kissoon et al., 2010) . facilitating the production of nicotianamine, which complexes Cu, and L-cysteine, which is 484 needed for metallothioneins and GSH production (Hego et al., 2014) . doses on their RP confirms previous findings (McNaughton et al. 1974 , Taylor and Crowder 490 1983 , 1984 , Ye et al. 1997b , Matthews et al. 2005 . However, this so-called innate tolerance 491 might be a buffer effect of the rhizome on a relatively short-term exposure, and should be 492 confirmed with a chronic exposure to excess Cu. The low number of I.pseudacorus and T.
493 latifolia populations investigated here might also explain the lack of intra-specific variability.
494
Further investigations are needed with a wider Cu exposure range and a higher number of 495 populations to find out to what extent these two macrophytes are tolerant to excess Cu.
497
The hypothesis of an innate tolerance to Cu must be debated for J. effusus, S. lacustris, P.
498 arundinacea and P. australis. These species displayed an intra-specific variability of root 499 development in response to an increasing Cu-exposure ( Table 4) . As for some Cu-tolerant A.
500
capillaris populations chronically exposed to excess Cu, it may be partly related to changes in 501 the soluble proteome of Cu-stressed roots (Hego et al, 2014 and complex determinism, indeed, the phenotype variability could be explored using classical 515 quantitative genetic equation P = G + E + (G x E) (Falconer, 1996) , with G being the 516 genotype, E the environment and genotype x environment interaction (G x E) occurs when 517 different genotypes respond differently to different environments (Darbeshwar, 2000) . Our 518 approach gives some clues about the determinism of P (G, E and G x E), but our sample size All the populations showed similar growth responses to Cu. However, one of the populations from a site with high [TE] showed significant higher concentrations of Cu in shoots and roots, suggesting a difference in Cu tolerance. Ye et al. (1997b) Analysis of fieldcollected material + Hydroponic experiment + Pot experiment 3 high [TE] + 1 low [TE] Cd, Pb, Zn
Schoenoplectus lacustris -
Typha latifolia
There were no differences among populations in hydroponics. However, some differences between the populations appeared for metal accumulation in roots when the seedlings were grown on the contaminated substratum. Based on the hydroponics' results, authors conclude that T. latifolia shows constitutional tolerance to metals. 
